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substantially free of the other polyhydroxamates and sub-
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tion. This process minimizes decomposition of deferoxam-
ine B.
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MULTISTAGE PROCESS FOR THE
PREPARATION OF HIGHLY PURE
DEFEROXAMINE MESYLATE SALT

RELATED APPLICATION

This application claims the benefit under 35 U.S.C. §119
of Hungarian Patent Application P 99 04454, filed Dec. 1,
1999,

FIELD OF THE INVENTION

This 1nvention relates to a process for preparing highly
pure deferoxamine B mesylate.

BACKGROUND OF THE INVENTION

Deferoxamine B, represented by formula I, 1s a polyhy-
droxamate 1ron chelator that i1s useful for reducing iron
concentration in human blood plasma.

The systematic chemical name of deferoxamine B (also
known as deferriferrioxamine B) is N'-[5-[[4-[[5-
(acetylhydroxyamino)pentyl]amino |-1,4-dioxobutyl]
hydroxyamino |pentyl]-N-(5-aminopentyl)-N-hydroxy-
butanediamide. Deferoxamine B has the desirable property
of high affinity for ferric iron (Ka=10"") coupled with a very
low affinity for calcium (Ka=107). Goodman and Gilman,

The Pharmacological Basis of Therapeutics 1668 (9th ed.
1996).

Deferoxamine B 1s indicated for treatment of acute 1ron
intoxication and chronic iron overload due to transfusion
dependant anemias. It promotes 1ron excretion 1n patients
with secondary 1ron overload from multiple transfusions, as
may occur with treatment of some chronic anemias such as
thalassemia. Long term therapy slows accumulation of
hepatic 1ron and retards or eliminates progression of hepatic
fibrosis. Physicians Desk Reference 2010 (54th ed. 1999).
Deferoxamine B 1s not well-absorbed orally; 1t must be
administered parenterally.

Industrial scale fermentation processes for producing det-
croxamine B use the Strepromyces pilosus bacteria strain,
which produces a variety of polyhydroxamate compounds,
but predominantly deferoxamine B, in a culture medium
poor 1n 1ron. Belgian Patent No. 619,532. Deferoxamine B
1s typically 1solated from the fermentation broth as its
hydrochloride salt. The hydrochloride salt 1s not pharma-
ceutically acceptable for parenteral administration to
humans. Therefore, 1t must be converted 1nto a pharmaceu-
tically acceptable salt. The mesylate salt 1s the FDA
approved deferoxamine salt. The U.S. Pharmacopeia &
National Formulary directs that pharmaceutical grade det-
eroxamine B mesylate contain not more than 120 ppm
chloride. USP/NF 24/19, pp. 499-500 (1999). This has
proven to be a challenging standard to meet and there
remains a need for an 1improved process for transforming
deferoxamine B produced by fermentation into a pharma-
ceutically acceptable pure mesylate salt for administration to
patients.

Belgian patent 619,532 discloses purification of deferox-
amine B obtained via fermentation using adsorption chro-
matography. Activated carbon, activated diatomaceous earth
(c.g. fuller’s earth) or ion-exchange resin (Asmit) are rec-
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ommended adsorbents. Alternative adsorbents are said to
include alummum oxide, magnesium silicates, silica gel,
gypsum and 1on-exchange resins. According to the Belgian
619,532 patent, deferoxamine B may be eluted using a
mobile phase of methanol-water, pyridine-water or acetic
acid-methanol.

International Publication No. WO 93/09088 and Euro-

pean patent 347,163 describe chromatography over silica gel
as a method for puritying deferoxamine B produced by
synthetic means, not by microbiological means.

International Publication No. WO 93/03045 describes
purification of 1ron chelate complexes of deferoxamine B
and structurally related compounds using a polystyrene
adsorption resin.

U.S. Pat. Nos. 3,153,621 and 3,118,823 disclose partial

purification of deferoxamine B using 1on-exchange resins. It
1s believed that the teachings of these patents lead to a
mixture of deferoxamine B with other polyhydroxamates
that are produced by the Strepromyces pilosus strain.

Belgian Patent 616,139 discloses that deferoxamine B
mesylate salt can be obtained from the deferoxamine B
hydrochloride salt by passing an aqueous solution of defer-
oxamine hydrochloride over Dowex-1, X-16 anion
exchange resin (in OH™ form), adding methanesulfonic acid
in equivalent quantity to the resulting deferoxamine base in
aqueous solution, then evaporating the water and, lastly,
purilying the deferoxamine mesylate salt by recrystalliza-
fion from aqueous alcohol or a mixture of water-methanol-
acetone.

U.S. Pat. No. 5,374,771 describes purification of crude

deferoxamine B hydrochloride by 1on-exchange chromatog-
raphy and multiple recrystallizations. The mesylate salt 1s
prepared directly from the purified deferoxamine B hydro-
chloride by contacting with an anion exchange resin having
mesylate counter-ion. Deferoxamine B mesylate 1s obtained
from the aqueous solution by lyophilization.

Bickel, H. et al., Helvetica Chimica Acta, 1385-1389
(1963), describes purification of deferoxamine B base by
multiple recrystallizations from a water-alcohol mixture.
The deferoxamine B base 1s prepared by anion exchange,
evaporation to dryness, and multiple recrystallizations. The
deferoxamine B base 1s then suspended 1n a water-methanol
mixture and a mineral acid salt prepared. Subsequently the
deferoxamine B solution 1s evaporated and the residue is
recrystallized from a water-methanol mixture.

Removal of chloride ion from an aqueous solution of
deferoxamine B 1s one of the steps 1n each of the methods
described above for purifying deferoxamine B from a fer-
mentation broth. In each case, the chloride 10n 1s removed
using an anion exchange resin. However, 1on-exchange
resins alone are not effective for i1solating deferoxamine B
mesylate free of chloride 1on as 1s required in order to
achieve a pharmaceutically acceptable state of purity.

The above-mentioned purification methods that use silica
ogel or aluminum oxide as adsorbents are inetficient, time
consuming and expensive. The other conventional
substitutes—activated charcoal, diatomaceous earth, mag-
nesium silicates, and gypsum—are poor adsorbents of def-
eroxamine. For these reasons, there remains a need 1n the art
for a rapid, etficient and inexpensive method for obtaining
deferoxamine B mesylate from a fermentation broth free of
chloride 10n, or at least free of chloride anion 1n an amount
greater than 120 ppm.

Furthermore, the above-described methods do not effi-
ciently remove fermentation products that are structurally
related to deferoxamine B, which must be removed before
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use of the deferoxamine B 1n a pharmaceutical product.
Typically, an extract from a deferoxamine-producing fer-
mentation broth contains, relative to the deferoxamine B
content, approximately 6 to 20 mole % polyhydroxamate
compounds that are structurally related to deferoxamine B.
Such compounds include other deferoxamines, such as
deferoxamine A, C, D, D, E, F and G. Since deferoxamine
B and the other deferoxamines have similar chemical
properties, none of the known purification processes or
combinations thercof have been able to reduce the quantity
of the impurities below about 2.5%.

In addition to their uncertain therapeutic, and possibly
toxic eifect 1t 1s 1mportant to remove these 1mpurities 1n
order to accurately determine the deferoxamine B concen-
fration 1n a solution, such as a sterile solution for 1njection.
The USP/NF specifies that a deferoxamine B 1njection
solution contain between 90.0 and 110% of the labeled
concentration. USP/NF 24/19, p. 500 (1999) The assay for
determining concentration specilied by the USP/NF 1s a
photometric absorbence intensity measurement of the iron
complex at 485 nm. Id. The structurally related impurities
also form complexes which absorb in the 485 nm range,
leading to an overestimation of the deferoxamine B content.
We have found that a photometric assay of a solution of
deferoxamine B mesylate obtained by fermentation accord-
ing to methods known 1n the art overestimates the concen-
tration of deferoxamine B by about 3%. Thus, there remains
a need 1n the art for a rapid, efficient and inexpensive method
for obtaining deferoxamine B mesylate from a fermentation
broth free of other polyhydroxamates formed by the meta-
bolic processes of Streptomyces (e.g. pilosus or 101/87) as
well as free of chloride 10n.

SUMMARY OF THE INVENTION

The need for high purity in drugs in order to prevent
undesirable effects caused by impurities and the need for
accuracy 1n determining the potency of a deferoxamine B
mesylate drug are both met by the present mnvention. In the
course of our experiments with deferoxamine B, we found
that fermentation byproducts that are chemically unrelated
to deferoxamine B and related substances with significantly
different polarity could be removed by adsorption
chromatography, but that other polyhydroxamates could not.
We have found that the most effective means of reducing the
quantity of other polyhydroxamates is by precipitation of the
deferoxamine B free base after preliminary cleanup by
adsorption chromatography. We also found that decompo-
sition products are formed if deferoxamine B 1s evaporated
to dryness. Deferoxamine B 1s a reasonably stable solid, but
it 1s prone to decomposition 1n concentrated solution. As a
dilute solution of deferoxamine B 1s evaporated, the solution
concentration rises, which causes decomposition and a
solidified product of low purity. We found that this decom-
position can be minimized by concentration- and
pH-adjustment of the eluent from the adsorption resin within
certain parameters and then direct precipitation of deferox-
amine B free base from the eluent.

Thus, we have discovered that in order to efficiently
remove both chloride and polyhydroxamate impurities, to
minimize the formation of decomposition products, and to
separate them to the extent that their formation 1s
unavoidable, that one should apply, in succession, chroma-
tography on adsorption resin, precipitation of the deferox-
amine B free base from a mixture of water and a water-
soluble organic solvent, formation of the deferoxamine
mesylate salt and crystallization of that salt from a mixture
of water and a mesylate salt anti-solvent or from a mixture
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of methanol and a mesylate salt anti-solvent. This process
produces deferoxamine B mesylate containing less than 2.5
mole % of other polyhydroxamate impurities and less than
90 ppm chloride 10n.

DETAILED DESCRIPTION OF THE
INVENTION

The present invention provides a purification process for
production of highly pure deferoxamine B mesylate from a
source material containing deferoxamine B produced by a
microbiological process. The purification process 1s feasible
on an 1ndustrial scale and 1s highly economical compared to
other known purification processes.

Microbiological processes for producing deferoxamine B
are known 1n the art, such as the method described 1n U.S.
Pat. No. 3,158,552, which 1s herein incorporated by refer-
ence 1n its entirety. As described in the 552 patent, Strep-
tomyces pilosus 1s cultivated 1n a submersion medium with
a low 1ron content to stimulate production of deferoxamines
which the microorganism uses to extract iron from its
environment. At the end of the fermentation, deferoxamine
B is freed from complexation with Fe>* ions in the culture
medium by addition of a competitive 1ron chelating agent,
8-hydroxyquinoline. The broth 1s then filtered to remove cell
mass and an aqueous solution containing deferoxamine B 1s
obtained. After further processing, deferoxamine B
hydrochloride, in mixture with other deferoxamines, 1s pre-
cipitated from aqueous solution.

The process of the present invention may be applied to a
source material obtained from a fermentation broth after
processing such as concentration or extraction as described
in the 552 patent or after processing as described in U.S.
Pat. No. 5,374,771. Likewise, an evaporated fermentation
broth extract containing deferoxamine B may be taken up 1n
either aqueous or organic solvent and used as source mate-
rial for deferoxamine B. Preferably, the source material of
deferoxamine B 1s an aqueous solution with a deferoxamine
B concentration of from about 5 to about 70 ¢ L™, more
preferably from about 10 to about 30 g L™". The purification
process 15 further described as it 1s applied to such an
aqueous solution of deferoxamine B (hereafter “the crude
deferoxamine B solution”).

The purification process of the present mnvention com-
prises three stages. First, impurities chemically unrelated to
deferoxamine B and related substances with significantly
different polarity are removed by chromatography over an
adsorption resin. In the second stage, deferoxamine B 1s
separated from chloride anion and other polyhydroxamates
by precipitation of the deferoxamine B as its free base. In the
third stage, the deferoxamine B, in free base form, is
suspended 1n a mixed solvent, treated with methanesulfonic
acid to dissolve the free base and crystallized as its mesylate
salt.

Chromatographic Separation of Impurities

In the first stage of the invention, compounds that are
chemically dissimilar to deferoxamine B and related sub-
stances with significantly different polarity are substantially
separated by contacting the deferoxamine B source material
with a bed of adsorption resin and collecting deferoxamine
B 1n solution as an eluent from the bed. Preferred adsorption
resins are unsubstituted and substituted aromatic type resins,
aromatic resins with hydrophobic groups, acrylic and meth-
acrylic resins. Especially preferred adsorption resins include
Diaion® resins of the FP, HP, SP and HPMG series
(Mitsubishi Chemical Corp.) and Amberlite® resins of the
XAD series (Rohm & Haas), the most preferred being
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Diaion® SP 207 and Amberlite® XAD 1180. Deferoxamine
B can be eluted from these resins with a mixture of water and
a water-soluble organic solvent such as methanol, ethanol,
acetonitrile and tetrahydrofuran.

A preferred chromatographic procedure uses a pre-
column and a main column containing separate beds of
adsorption resin. According to this preferred procedure, the
crude deferoxamine B solution 1s first eluted through the
pre-column which contains a small amount of adsorption
resin, 1.e. about 2 to 6 one hundredths of the volume of the
crude deferoxamine B solution. The pre-column may be
mounted atop the main column and the crude deferoxamine
B solution may be allowed to pass through the pre-column
without eluting with solvent because only a minor portion of
the deferoxamine B 1s adsorbed on the pre-column.
Alternatively, the pre-column may be eluted with solvent.
The eluent may be a mixture of water and a water-soluble
organic solvent as described above, but preferably, for
improved retention of deferoxamine B on the main column,
the elution solvent, 1f used, 1s salt water as described below.
A pre-column may result 1n a small reduction 1n yield of
deferoxamine B mesylate at the end of the process but 1ts use
has the advantage of higher ultimate purity and the eco-
nomic advantage of greater ease of regeneration of the
adsorption resin of the main column.

After optionally passing the crude deferoxamine B solu-
tion through a pre-column, the solution 1s preferably treated
with an morganic salt to enhance adsorption of deferoxam-
ine B on the main column. Chloride salts and sulfate salts are
preferred inorganic salts, the most preferred being ammo-
nium chloride and ammonium sulfate. The 1norganic salt
should be added in amount of about 2 to about 15 g L™ of
solution, more preferably about 5-10 g L~". The crude
deferoxamine B solution 1s then loaded onto a main column
containing a bed of absorption resin whose volume 1s from
about %2oth the volume of the crude deferoxamine B solution
to about the same volume as that of the crude deferoxamine
B solution. Preferably, the volume of the bed of absorption
resin 15 from about Y4 to about %4 the volume of the crude
deferoxamine B solution. A more highly concentrated crude
deferoxamine B solution generally requires less resin than
does a more dilute solution The deferoxamine B adsorbs
onto the resin and the aqueous solution depleted of defer-
oxamine B 1s either allowed to drain from the bed or is
driven from the bed with a solution of the inorganic salt.
Partially purified deferoxamine B 1s then recovered from the
adsorption resin by eluting with a mixture of water and a
water-soluble organic solvent such as methanol, ethanol,
acetonitrile or tetrahydrofuran, most preferably acetonitrile.
Generally, the proportion of organic solvent 1n the mixture
should be from about 1% to about 70% (v/v), preferably
about 1% to about 50% (v/v), depending on the resin. In
particular, an 88:12:3 water:acetonitrile:methanol mixture 1s
a very good solvent mixture for eluting deferoxamine B
from Amberlite® XAD 1180 resin.

Gradient elution may also be advantageously used to elute
deferoxamine B from any of the suitable resins. One such
ogenerally applicable gradient method 1nvolves eluting first
with salt water, then with water containing an organic
clution solvent. Eluting first with water, then with either a
water-acetonitrile or water-methanol mixture, optionally fol-
lowed by elution with a water-ethanol or water-acetone,
orves good results. A particularly preferred gradient method
for eluting deferoxamine B from Amberlite® XAD 1180
resin 1S to elute first with salt water, then with a 90:10
mixture of water-acetonitrile, and then gradually increasing
the acetonitrile content to an 80:20 water-acetonitrile mix-
ture.
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Whether gradient or non-gradient elution 1s used, defer-
oxamine B will be collected from the main column dissolved
in aqueous organic eluent contained 1n one or more fractions
cut from the eluent stream. The deferoxamine B-containing
cluent may optionally be decolorized such as by treatment
with activated carbon or a cationic exchange resin like

Amberlite® IRC 50, Duolite® C467 and Lewatit® CNP &80
according to methods known 1n the art. If the deferoxamine
B 1s collected 1n three or more fractions—an ecarly eluting
fraction, one or more middle eluting fractions, and a late
eluting fraction—then the middle fraction(s) containing def-
eroxamine B will typically be colorless. Only the early
cluting and late eluting fractions are likely to have colora-
tion. Accordingly, the desirability of a decolorizing treat-
ment will depend on how the fractions are cut. If both early
cluting and late eluting fractions are collected and combined
with the middle fraction(s), it is desirable to use both
activated carbon and a cation exchange resin to decolorize
since the early-eluting and late-eluting fractions respond
differently to different decolorizing methods.

Precipitation of Deferoxamine B Free Base

In the second stage of the inventive process, deferoxam-
ine B free base 1s precipitated out of the eluent from the
adsorption resin. Although the deferoxamine B concentra-
tion 1n the eluent may vary greatly depending upon the
solvent mixture(s) used to elute deferoxamine B from the
resin, 1t 1s not necessary to evaporate the eluent to dryness
in order to establish an appropriate concentration and sol-
vent composition for precipitating the base. Evaporation of
the eluent to dryness 1s, 1n fact, disadvantageous because of
the 1stability of the hydroxamate groups of deferoxamine B
toward high solution concentration and applied heat. Rather,
the eluent may be prepared for precipitation of the free base
in high yield and high purity by the following the procedure.

If the deferoxamine B concentration of the eluent 1s lower
than about 50 g L™, the eluent should be evaporated under
mild conditions to a deferoxamine B concentration of about
50 ¢ L' to about 150 g L™, preferably about 80 ¢ L™ to
about 100 g L™" and most preferably about 90 ¢ L™". The
preferred organic elution solvents listed above are lower
boiling than water and 1 some cases azeotrope with a minor
amount of water, so the proportion of water in the solvent
mixture 1ncreases upon concentration. The concentrated
cluent 1s then diluted with acetonitrile 1n an amount of from
about 0.5 to about 1.5 times the volume of the concentrated
cluent. Addition of acetonitrile at this stage was found to
prevent precipitation of deferoxamine B hydrochloride (or
sulfate, as the case may be depending upon the morganic salt
used).

The concentration-adjusted eluent containing deferoxam-
ine B in water and acetonitrile (and optionally another
organic elution solvent) is then pH-adjusted to between
about 8.6 and 10.5, more preferably between about 9.4 and
about 10.0 pH. The pH can be adjusted using either a basic
lon exchange resin or by addition of an aqueous alkaline
solution or both. Suitable basic 10n exchange resins include
Amberlite® resins of the IRA series and Diaion® resins of
the WK series, the most preferred being Amberlite® IRA 67
in OH™ form. Suitable alkaline solutions are solutions of
NaOH, KOH, ammonia or an amine, the most preferred
being concentrated aqueous ammonia.

In an especially preferred pH-adjustment technique, the
pH of the concentration-adjusted eluent 1s first tested. If 1t 1s
below pH 8.0, the pH 1s adjusted to between about 8.0 and
9.3 with a basic 10n exchange resin such as Amberlite® IRA
67 in OH™ form. The resin 1s then separated and aqueous
ammonia 15 added until the concentration-adjusted eluent
reaches a pH of between about 9.4 and 10.0.
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After pH-adjustment, crystallization of the deferoxamine
B free base 1s induced by addition of a deferoxamine B free
base anti-solvent such as acetonitrile, ethanol, methanol, or
acetone. Preferred deferoxamine B free base anti-solvents
are acetonitrile and acetonitrile-acetone mixtures. As used
herein, the term “anti-solvent” means a liquid 1n which a
compound 1s poorly soluble. Thus the term anti-solvent
relates to the solubility of a particular compound 1n that
liquid. The present 1nvention uses two classes of anti-
solvent: deferoxamine B free base anti-solvents and defer-
oxamine B mesylate anfti-solvents.

The rate of addition of deferoxamine B free base anti-
solvent to the pH-adjusted eluent 1s not critical, but a slower
addition rate tends to produce larger crystals and a purer
crystalline deferoxamine B free base. On a production scale,
a practical rate of addition 1s about 0.5 to about 2 times the
volume of pH-adjusted eluent per hour, though increased
crystal size and higher purity may be realized with a slower
addition rate. The total amount of added deferoxamine B
free base anti-solvent i1s preferably about 1.5 to 10 times,
more preferably about 2 to 8 times and most preferably
about 2.5 to 5 times the volume of the pH-adjusted eluent.
The temperature of the solution may be maintained at
anywhere from about -20° C. to about 40° C. during the
crystallization, although preferably the temperature 1s main-
tained at between about 0° C. and about 20° C.

After crystallization 1s complete, the deferoxamine B free
base crystals may be 1solated by any conventional means,
such as filtration or decantation. Optionally, the crystals of
the free base may be further purified by recrystallization.
Acetonitrile-water mixtures are also good solvent systems
for recrystallization.

Crystallization of Deferoxamine B Mesylate

In the third stage of the inventive process, the crystallized
free base 1s suspended 1n a mixed solvent. Methanesulfonic
acid 1s then added to the suspension which causes the
deferoxamine B free base to go into solution. After complete
dissolution of the deferoxamine B free base, addition of
methanesulfonic acid 1s continued until the solution reaches
a pH of about 3 to about 6, more preferably about 3.5—4.5.
Deferoxamine B mesylate 1s then allowed to precipitate.

Suitable mixed solvents for suspending the deferoxamine
B free base are mixtures of a deferoxamine B mesylate
solvent, either water or methanol, and a deferoxamine B
mesylate anti-solvent. Deferoxamine B mesylate anti-
solvents mnclude C,—C, aliphatic alcohols, acetone, methyl
formate, methyl acetate, ethyl acetate, hexane, toluene,
tetrahydrofuran and acetonitrile. The polar, solvent compo-
nent of the mixed solvent, 1.e. the methanol or the water, 1s
preferably mixed in a ratio of about 1:1 to about 1:10 with
the anti-solvent component, more preferably 1n a ratio of
about 1:5. Preferred mixed solvents are water-ethanol
mixtures, water-acetonitrile mixtures, methanol-ethanol
mixtures and methanol-acetonitrile mixtures, the most pre-
ferred being 1:5 water-ethanol mixtures and 1:3 methanol-
ethanol mixtures. The volume of mixed solvent that should
be used to suspend the free base 1s from about 5 to about 20
L per kilogram of deferoxamine B free base, more preferably
from about 7 to about 15 L per kilogram.

After forming the suspension, methanesulfonic acid 1s
added to the suspension. The amount of methanesulfonic
acid that 1s required can be approximated by calculating the
amount required to provide one equivalent of the acid to the
base. Alternatively, the amount of methanesulfonic acid
necessary to provide one equivalent may be accurately
gauged by observing the amount of undissolved free base
that remains suspended during addition of the acid. The
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methanesulfonic acid should be added slowly for this pur-
pose since the rate at which the suspended base can react
with the acid 1s rate limited by the surface area of the
crystals. After the all of the deferoxamine B free base has
dissolved, the pH of the solution should be monitored, while
additional methanesulfonic acid 1s added to bring the pH of
the solution to between about 3 and about 6, preferably
about 3.5—4.5. After the desired pH 1s reached, deferoxamine
B mesylate crystals are allowed to precipitate.

To accelerate precipitation, the solution may be cooled to
about =20 to about 10° C. In addition, precipitation may be
accelerated by adding more deferoxamine B mesylate anti-
solvent to the mixture, 1.e. by adding a C,—C, aliphatic
alcohol, acetone, methyl formate, methyl acetate, ethyl
acetate, hexane, toluene, tetrahydrofuran or acetonitrile.
After precipitation 1s complete deferoxamine B mesylate 1s
1solated by conventional means such as filtration or decan-
tation.

Having thus described the inventive process with refer-
ence to its preferred embodiments, the invention will now be
further illustrated by the examples which follow.

EXAMPLES

General

HPLC Conditions (Reverse phase): column: C,, particle
size 10u, length 250 mm, diameter 4.6 mm; mobile phase:
5.5% THF/water, 0.13% (NH,)H,PO,, (w/v), 0.04% sodium
edetate (w/v); flow rate: 2 ml min.”" ; detection: UV A=220
nm.

Example 1

Crude deferoxamine B hydrochloride (7.88 kg) contain-
ing 5.30 kg deferoxamine B was dissolved in water (362 L).
The aqueous solution was then passed through an equal
volume of Diaion® SP 207 adsorption resin (Mitsubishi
Chemical Corp.) in a 10 liter chromatographic column at a
flow rate of 14 L h™'. The eluent contained 5.04 kg defer-
oxamine. Ammonium chloride was then added 1n an amount
of 5 ¢ L™ to the eluent with stirring until the ammonium
chloride completely dissolved. The solution was then loaded
onto a column containing Amberlite® XAD 1180 adsorption
resin (132 L) (Rohm & Haas) and driven into the bed with
salt water. The column was eluted with 10% acetonitrile-
water and then 20% acetonitrile-water at a flow rate of 14 L
h™". The eluent was collected in fractions. The main fraction
yielded deferoxamine hydrochloride solution containing
4.53 kg of deferoxamine B. The main fraction was then
decolorized over activated carbon (45 g) and Duolite® C
467 (Rohm and Haas) ion exchange resin in H" form

yielding deferoxamine hydrochloride solution containing
4.03 kg of deferoxamine B.

The decolorized eluent was evaporated to a deferoxamine
B concentration of 90 ¢ L. A volume of acetonitrile equal
to that of the concentrated eluent was then added and the

basicity was adjusted by addition of Amberhite® IRA 67
(Rohm and Haas) in OH™" form to a pH between 8.014 9.3.
After pH-adjustment with the anion exchange resin, the pH
was raised to between 9.4 and 10.0 with aqueous ammonia.
Deferoxamine free base was then precipitated by adding two
volumes of acetonitrile to the solution and cooling to =5° C.
Crystallization was complete after several hours. The crys-
tals of deferoxamine free base were 1solated by filtration and
then suspended in 1:1 acetonitrile-water, filtered again,
washed with acetonitrile and dried to yield 3.81 kg of
deferoxamine free base. HPLC chromatography showed that
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the free base was 97% pure. Following the USP chemical
test <221> for determining chloride content, the precipitated
deferoxamine B free base was found to have a chlorde

content of less than 60 ppm. USP/NF24/19, pp. 1857-1858
(1999)

The deferoxamine free base was suspended i a 14:3
mixture of ethanol and water (42.5 L). Dilute methane-
sulfonic acid was slowly added to the suspension until the
free base dissolved and the solution attained a pH of between
3.7 and 5. Ethanol (200 L) was added to the solution to
precipitate the mesylate salt and the resulting suspension
was cooled to —10° C. and maintained at —10° C. for several
hours. The resulting crystals were isolated by filtration,
washed with ethanol (50 L) and dried under vacuum to yield
3.4 ke of deferoxamine mesylate. HPLC chromatography
showed that the mesylate contained 1.84 weight % 1mpuri-
ties. The moisture content as determined by Karl-Fischer
Analysis was 0.2 mole %. USP/NF 24/19, pp. 2003-2004
(1999). Coloration was better than Y5 as measured accord-
ing to the European Pharmacopela criteria for grading
coloration.

Example 2

Crude deferoxamine B hydrochloride (707 g) containing
587 g deferoxamine B was dissolved in water (10 L). The
aqueous solution was passed through a chromatography
column containing Diaion® SP 207 adsorption resin (1 L) at
a flow rate of 0.35 L h™". The eluent from the column was
found to contain 562 g of deferoxamine B. The eluent was
then loaded onto a bed of Amberlite® XAD 1180 adsorption
resin (7.2 L) in a chromatography column. The bed was
eluted at a flow rate of 0.7 L h™*, first with 5.6 Lof a 10 ¢
L~ solution of ammonium chloride in water and then with
a 1:4 methanol-water mixture. Deferoxamine B (432 g) was
collected 1n a single fraction. This fraction was decolorized
by stirring over activated charcoal (40 g) and filtered. The
decolorized eluent was evaporated to a deferoxamine B
concentration of 60 g L.

An equal volume of acetonitrile was then added. Concen-
trated aqueous ammonia was then added until the solution
attained a pH of 9.8. Then, four volumes of acetonitrile were
added to precipitate the deferoxamine B free base. The
resulting suspension was cooled to —4° C. and maintained at
reduced temperature for 24 h, after which time the crystals
were 1solated by filtration. The 1solated crystals were then
washed by three repetitions of suspending 1n 1:1 water-
acetonitrile and filtering. The crystals were then dried at 40°
C. at ambient pressure to yield the deferoxamine B free base
(341 g) in 95.2% purity (w/w) as determined by HPLC and

with a chloride content of less than 60 ppm.

The deferoxamine B base was then suspended 1n a mix-
ture of ethanol (3.1 L) and water (0.46 L). Methanesulfonic
acid was slowly added unftil the deferoxamine B base
dissolved and the solution reached a pH of 3.5. Another 30
L of ethanol was added to the solution to precipitate defer-
oxamine B mesylate. The resulting suspension was then
cooled to between -5° C. and 0° C. and maintained at
reduced temperature for 24 h. The crystals were 1solated by
filtration, washed with ethanol and dried under vacuum to
yield deferoxamine B mesylate (299 g) with a purity of 98%
(w/w) as determined by HPLC analysis.

Example 3

Crude deferoxamine B hydrochloride (760 g) containing
530 g of deferoxamine B was dissolved 1n 1:1 acetonitrile-
water ( 14 L) at 40° C. The resulting solution was then
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filtered and pH-adjusted to 9.9 by addition of concentration
aqueous ammonia. Acetonitrile (49 L) was then added to
precipitate the deferoxamine B free base. The resulting
suspension was then cooled to 17° C. and maintained at
reduced temperature for four hours. The precipitate was
isolated by filtration, washed with acetonitrile and dried
under reduced pressure to yield deferoxamine B free base
(403 g). The base was then suspended in water (20 L) and
hydrochloric acid was slowly added until the base dissolved
and the resulting solution reached a pH of between 5.0 and

5.5.

The solution was loaded onto a bed of Amberlite® XAD

1180 adsorption resin (7.2 L) in a chromatography column
and eluted with 25% acetonitrile-water. The deferoxamine B
(320 g) was obtained in a single fraction. The deferoxamine
B-containing eluent was decolorized over activated charcoal
(10 g). After filtration, the decolorized eluent containing 305
g of deferoxamine B was concentrated to about 110 g L™".
An equal volume of acetonitrile then was added to the
solution. The pH of the solution was then adjusted to
between 8.6 and 9.0 by adding Amberlite® IRA 67 anion
exchange resin in OH™ form. Aqueous ammonia was added
to the solution to precipitate deferoxamine B free base. The
addition was continued until the suspension reached pH 9.8.
The suspension was then cooled to —4° C. and maintained at
reduced temperature for several hours. Crystals were then
1solated by filtration and suspended 1n a 1:1 mixture of
acetonitrile-water, filtered again and then dried under
reduced pressure. The dried deferoxamine B free base was
then powdered before being used to prepare the mesylate
salt as described 1n Example 1, last paragraph. The pow-
dered free base was found to be 97.8% (w/w) pure by HPLC
analysis. The mesylate salt obtained using this material
contained 0.96% 1mpurity (w/w) by HPLC analysis and had
a chloride content of less than 60 ppm.

Example 4

Deferoxamine B mesylate was 1solated from crude def-
eroxamine B according to the process of Example 2, except
that deferoxamine B hydrochloride was eluted from the bed
of Amberlite® XAD 1180 adsorption resin using 15%
ethanol-water followed by 25% THF-water. The deferox-
amine mesylate (238 g) so obtained was found to have an
impurity content of 1.73% (w/w) by HPLC analysis.

Example 5

Crude deferoxamine B hydrochloride was chromato-
graphed according to the procedure described in Example 1.
After the deferoxamine B-containing eluent was concen-
trated to 90 ¢ L' and decolorized as described in Example
1, the decolorized eluent was divided into three equal
portions containing 40 ¢ of deferoxamine B each. Each
portion was diluted with an anti-solvent. One portion was
diluted with an equal volume of methanol, another with an
equal volume of ethanol and the other with an equal volume
of acetone. The pH of each of the portions was then adjusted
to between 8.6 and 10.1 with aqueous ammonia causing
deferoxamine B free base to come out of solution. Precipi-
tation was completed by addition of triple the portion
volume of a 1:1 acetonitrile-anti-solvent mixture to each
portion, 1.. either acetonitrile-methanol, acetonitrile-
ethanol or acetonitrile-acetone. The suspensions were then
cooled to =20 to =5° C. and deferoxamine B free base was
isolated from each suspension by filtration. The crystals
were then washed as described 1n Example 1. Following the
procedure for converting the free base to the mesylate 1n
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Example 1, deferoxamine B mesylate 1s obtained 1n amounts
of from 24-28 g. starting from 40 g of crude deferoxamine
B. The impurity content of the so-obtained deferoxamine B
mesylate was between 1:1 and 1.5% (w/w).

Example 6

The process of Example 2 was followed, except that the
crude deferoxamine B contained sulfate anion and the
Amberlite® XAD 1180 resin was washed with aqueous
ammonium sulfate instead of aqueous ammonium chloride
and then eluted with 10% acetonitrile-water 1nstead of a 1:4
methanol-water mixture. The so-obtained deferoxamine B
mesylate salt (261 g) had an impurity content of 1.4% (w/w)
measured by HPLC.

Example 7

A suspension of deferoxamine B free base was prepared
according to the procedure of Example 2 and cooled as
described to 4° C. A one tenth portion of the suspension
containing 34.1 g of deferoxamine B free base was heated to
36° C. and stirred at elevated temperature for 1 hour and then
filtered to recover the free base. The recovered crystals were
then dried and converted to the deferoxamine B mesylate as
described in Example 2. The product (27 g) had an impurity
content of 1.4% (w/w) as determined by HPLC analysis.

Example 8

The process of Example 2, paragraphs 1 and 2, was
followed, except that a portion of the eluent containing 43.2
o of deferoxamine B was not decolorized. The free base was
twice precipitated from this portion of the eluent. The
deferoxamine B was first precipitated as described 1n
Example 2, paragraph 2. Then the once-precipitated defer-
oxamine B base was suspended m a 1:1 acetonitrile-water
mixture at a concentration of 40-50 ¢ L~'. One molar
hydrochloric acid was then slowly added to the suspension
until the deferoxamine B dissolved, The deferoxamine B
free base was then re-precipitated from the solution by
following the procedure of Example 2, paragraph 2, and was
transformed into the mesylate salt as described in Example
2, paragraph 3, to yield 27 g of deferoxamine B mesylate.
Product coloration was indistinguishable from that of the

product of Example 2. The impurity content as measured by
HPLC is 1.4% (w/w).

Example 9

Following the procedure of Example 1, crude deferox-
amine B was chromatographed and the eluent containing
deferoxamine B (45.3 g) was decolorized. The decolorized
solution was concentrated to 90 ¢ L~ and passed through a
bed of Diation® SP 207 adsorption resin. Proceeding with
the procedure for precipitating the free base and converting
it to the mesylate salt as described 1n the second and third
paragraphs of Example 1, as much as 31.5 g of the mesylate
can be obtained and with only 1.46% (w/w) impurity accord-
ing to HPLC analysis.

Example 10

The procedure of Example 1 was followed except that 200
L of acetonitrile was substituted for 200 L of ethanol to
induce precipitation of deferoxamine mesylate. Deferoxam-
ine B mesylate was obtained 1 94.7% vyield.

Following the procedure of Example 1, but substituting,
propanol, butanol, amyl alcohol, hexanol and heptanol for
cthanol to induce precipitation of the deferoxamine B
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mesylate, the mesylate 1s obtained in yields ranging from
83.1 to 89.1%.

Substituting ethyl formate, ethyl acetate, butyl acetate,
hexane and THF for ethanol 1n the procedure of Example 1,
deferoxamine B mesylate 1s obtained in yields ranging from

88.1 to 93.1%.

In each of these variations on the Example 1 procedure,
impurity was present in less than 2.5% (w/w) as determined

by HPLC.

Example 11

Deferoxamine mesylate prepared according to Example 1
was recrystallized from methanol and mixtures of methanol
and other solvents 1n yields ranging from 81.3 to 93.7%.
Recrystallization was performed by dissolving deferoxam-
ine B mesylate in 8.5 volumes of methanol at 35° C. and
then adding one of the following solvents at room tempera-
ture: methanol, ethanol, propanol, butanol, ethyl formate,
cthyl acetate, butyl acetate, hexane, toluene, THF or aceto-
nitrile. The recrystallized deferoxamine B mesylate typical
had 1.2-1.6% (w/w) impurity, lower than the 1.84% (w/w)
impurity level of the material before recrystallization.

Having described the invention with reference to 1its
preferred embodiments and having further illustrated the
invention with specific examples, those of ordinary skill in
the art may, upon reading this disclosure, apprehend modi-
fications that could be made which do not depart from the
spirit and scope of the invention. It should therefore be
understood that the description and examples presented
above are for illustrative purposes only and should not be
read as limiting the scope of the mmvention as set forth 1 the
claims, which follow.

What 1s claimed 1s:

1. A process for 1solating deferoxamine B mesylate from
a source material containing deferoxamine B produced by a
microbiological process comprising the steps of:

a) adsorbing deferoxamine B onto an adsorption resin by
contacting the source material with the adsorption
resin,

b) obtaining an eluent containing deferoxamine B by
cluting the adsorption resin having deferoxamine B
adsorbed thereon with a mixture of water and a water-
soluble organic elution solvent,

¢) adjusting the pH of the eluent to between about 8.6 and
10.5 with a basic 1on exchange resin or an alkaline
solution, or both,

d) crystallizing deferoxamine B free base from the
pH-adjusted eluent by addition of a deferoxamine B
free base anfti-solvent, optionally after partial concen-
tration of the eluent to a deferoxamine B concentration
of not more than 150 g L™,

¢) suspending the deferoxamine B free base in a mixed
solvent comprising a deferoxamine B mesylate anti-
solvent and a deferoxamine B mesylate solvent selected
from the group consisting of water and methanol,

f) dissolving the deferoxamine B free base in the mixed
solvent by contacting the suspension with methane-
sulfonic acid, and

g) precipitating deferoxamine B mesylate.

2. The process of claim 1 further comprising the prelimi-
nary step ol passing the source material through a pre-
column bed of adsorption resin.

3. The process of claim 1 further comprising the prelimi-
nary step of adding an morganic salt to the source material.

4. The process of claam 3 wherein the 1organic salt 1s
ammonium chloride or ammonium sulfate.
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5. The process of claim 1 wherein the adsorption resin 1s
cluted with a mixture of water and a water-soluble organic
solvent selected from the group consisting of methanol,
ethanol, acetonitrile and tetrahydrofuran.

6. The process of claim § wherein the water-soluble
organic solvent 1s acetonitrile.

7. The process of claim 1 further comprising the inter-
mediate step of decolorizing the eluent before adjusting the
pH of the eluent.

8. The process of claim 1 further comprising adjusting the
deferoxamine B concentration of the eluent before adjusting
the pH of the eluent.

9. The process of claim 8 wherein the deferoxamine B
concentration in the eluent is adjusted to from about 50 g L1
to about 150 ¢ L ™" by evaporation.

10. The process of claim 9 wherein the deferoxamine B
concentration is adjusted to from about 80 ¢ L™ to about
100 g L.

11. The process of claam 10 wherein the deferoxamine B
concentration is adjusted to about 90 g L.™".

12. The process of claim 8 further comprising adding
acetonitrile to the eluent after concentration-adjustment and
before pH-adjustment.

13. The process of claam 1 wherein the pH of the eluent
1s adjusted to between about 9.4 and about 10.

14. The process of claim 1 where the pH of the eluent 1s
adjusted by addition of an alkaline solution.

15. The process of claim 14 wherein the alkaline solution
1s a solution of NaOH, KOH, ammonia or an amine.

16. The process of claim 15 wherein the alkaline solution
IS aqueous ammonia.

17. The process of claim 1 wherein the pH of the eluent
1s adjusted using a basic 1on exchange resin.

18. The process of claim 13 wherein the pH of the eluent
1s adjusted to between about 9.4 and about 10 by adding a
basic 10n exchange resin to the eluent until a pH between
about 8.0 and about 9.3 1s reached, separating the basic 1on
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exchange resin and adding aqueous ammonia until a pH of
between about 9.4 and 10 1s reached.

19. The process of claim 1 wherein the mixed solvent 1n
which the deferoxamine B free base 1s suspended comprises
water and a deferoxamine B mesylate anti-solvent selected
from the group consisting of C,—C, aliphatic alcohols,
acetone, methyl formate, methyl acetate, ethyl acetate,
hexane, toluene, tetrahydrofuran and acetonitrile.

20. The process of claim 19 wherein the deferoxamine B
mesylate anti-solvent 1s selected from the group consisting
of ethanol, acetone and acetonitrile.

21. The process of claim 1 wherein the mixed solvent 1n
which the deferoxamine B free base 1s suspended comprises
methanol and a deferoxamine B mesylate anti-solvent
selected from the group consisting of C,—C, aliphatic
alcohols, acetone, methyl formate, methyl acetate, ethyl
acetate, hexane, toluene, tetrahydrofuran and acetonitrile.

22. The process of claim 21 wherein the deferoxamine B
mesylate anti-solvent 1s selected from the group consisting
of ethanol, acetone and acetonitrile.

23. The process of claim 1 wherein precipitation of
deferoxamine B mesylate 1s accelerated by cooling.

24. The process of claim 1 wherein precipitation of
deferoxamine B mesylate 1s accelerated by adding a defer-
oxamine B mesylate anti-solvent selected from the group
consisting of C,—C, aliphatic alcohols, acetone, methyl
formate, methyl acetate, ethyl acetate, hexane, toluene,
tetrahydrofuran and acetonitrile.

25. The process of claim 1 wherein the precipitated
deferoxamine B mesylate has a chloride 10n content of about
90 ppm or less.

26. The process of claim 1 wherein the precipitated
deferoxamine B mesylate contains less than about 2.5 mole

% other polyhydroxamates based upon the moles of defer-
oxamine B.
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